Angelo A l b i n i and E l i s a Fasani D i p a r t i m e n t o d i Chimica Organica, U n i v e r s i t s , 1-27100 Pavia, I t a l y A b s t r a c t -Various adducts a r e formed when 1-o r 2 -n a p h t h a l e n e n i t r i l e o r 1,4-naphthalenedinitrile a r e i r r a d i a t e d i n t h e presence o f dienes (1,3-cyclohexadiene, 2,3-dimethyl-l, 3-butadieneI 2,5-dimethyl-2,4-hexadiene). When e l e c t r o n t r a n s f e r from t h e diene t o t h e s i n g l e t e x c i t e d naphthalene d e r i v a t i v e i s l a r g e l y endothermic, 4+4 a d d i t i o n predominates, whereas when e l e c t r o n t r a n s f e r becomes e a s i e r , 2+2 a d d i t i o n i s t h e main process, although w i t h a lower quantum y i e l d t h a n i n t h e p r e v i o u s case.
INTRODUCTION
The r e a c t i o n between p h o t o e x c i t e d aromatics and alkenes has been t h e s u b j e c t o f numerous i n v e s t i g a t i o n s (see, e.g., r e f 1-12) and l e a d s e i t h e r t o c y c l o a d d i t i o n , probably v i a an e x c i p l e x , o r t o e l e c t r o n t r a n s f e r and f o l l o w i n g r a d i c a l i o n chemistry ( F i g . 1 ) . The f e a s i b i l i t y o f t h e charge t r a n s f e r pathway can be determined on t h e b a s i s o f t h e Weller e q u a t i o n ( r e f . 1 3 ) . Furthermore, i n c r e a s i n g t h e s o l v e n t p o l a r i t y has o f t e n a dramatic 
NAPHTHALENE-DIENE ADDUCTS

Adducts o f d i f f e r e n t s t r u c t u r e a r e obtained i n t h e d i f f e r e n t cases. Thus, t h e r e a c t i o n o f 1-NN w i t h 2,3-dimethyl-l,3-butadiene (DMB) f o l l o w s t h r e e main pathways, v i z . 2+2 a d d i t i o n o n t o t h e 1,2 naphthalene bond; 2+2 a d d i t i o n o n t o t h e 1,8a bond ( i n t h i s case an e l e c t r o c y c l i c rearrangement ensues and leads t o t h e i s o l a t e d b e n z o c y c l o o c t a t r i e n e ) ; 4+4 a d d i t i o n onto t h e u n s u b s t i t u t e d naphthalene r i n g ( F i g . 3 ) . With 1,3-cyclohexadiene (CHI 2+2 a d d i t i o n onto t h e 1,2 bond and 4+4 a d d i t i o n a r e observed. With 2,5-dimethyl-2,4-hexadiene (DMH) 2+2 a d d i t i o n o n t o t h e naphthalene r i n g i s accompanied by a d d i t i o n o n t o t h e cyano group t o y i e l d a n a p h t h y l a z e t i n e . The l a t t e r p r o d u c t undergoes h y d r o l y s i s d u r i n g chromatographyic work up and a O-aminoketone i s o b t a i n e d ( F i g . 3 ) . With 2-NN and DMB t h e o n l y process i s 4+4 a d d i t i o n , i n v o l v i n g i n t h i s case b o t h naphthalene r i n g s . CH y i e l d s both a 2+2 adduct on t h e s u b s t i t u t e d and a 4+4 adduct on t h e u n s u b s t i t u t e d r i n g , and DMH g i v e s a 2+2 adduct and t h e adduct onto t h e cyano group ( F i g . 4).
With All
. We have no evidence suggesting o t h e r rearrangements o f t h e adducts d u r i n g i r r a d i a t i o n o r work up, and t h e above mentioned r e a c t i o n s (2+2 a d d i t i o n o n t o t h e 1,2 o r 1,8a p o s i t i o n , 4+4 a d d i t i o n , a d d i t i o n onto t h e cyano group) a r e taken as primary processes. The s e l e c t i v i t y observed can be r a t i o n a l i z e d w i t h r e f e r e n c e s t o t h e charge t r a n s f e r c h a r a c t e r i s t i c s o f t h e v a r i o u s napththalene-diene p a i r s . I n F i g . 3-5 t h e q u a n t i t y A = E ( o x ) -E ( r e d ) -E ( e x ) , ( r e s p e c t i v e l y , o x i d a t i o n p o t e n t i a l o f t h e diene, r e d u c t i o n p o t e n t i a l o f t h e naphthalene, e x c i t a t i o n energy o f t h e naphthalene), i s i n d i c a t e d f o r each r e a c t i o n .
T h i s q u a n t i t y corresponds t o t h e AG f o r e l e c t r o n t r a n s f e r i n t h e e x c i t e d s t a t e , a p a r t from t h e i o n s e p a r a t i o n term, which depends on s o l v e n t p o l a r i t y and i o n d i s t a n c e ( r e f . 13).
One can see t h a t i n t h e 2-NN -DMB case, w i t h A = 9.5 kCal/M, o n l y 4+4 c y c l o a d d i t i o n t a k e s p l a c e , j u s t as i t happens w i t h u n s u b s t i t u t e d naphthalene and dienes, w i t h an even lower value ( r e f . 33). T h i s mode o f r e a c t i o n i s favoured by a good energy and s i g n matching between naphthalene and diene FMOs, and t h u s by a f a v o u r a b l e LUMO-LUMO and HOMO-HOMO i n t e r a c t i o n ( n o t e a ) . Lowering t h e energy o f naphthalene MOs w i t h r e s p e c t t o t h e diene ones d i s f a v o u r e s t h i s i n t e r a c t i o n , and indeed as t h e e l e c t r o n t r a n s f e r process becomes e a s i e r t h e importance o f 4+4 a d d i t i o n drops and 2+2 a d d i t i o n predominates. However, c y c l o a d d i t i o n xhrough a charge t r a n s f e r complex i s l e s s e f f i c i e n t , and l i m i t i n g quantum y i e l d
i s lower ( C 0.1) t h a n i n t h e p r e v i o u s case. For l a r g e n e g a t i v e A v a l u e s no adducts a r e formed any more (see F i g . 5 ) .
On t h e o t h e r hand, s t e r i c f a c t o r s have a r o l e i n these r e a c t i o n s , as shown by t h e r e g i oand s t e r e o s e l e c t i v i t y i n t h e f o r m a t i o n o f t h e r i n g adducts and by t h e f o r m a t i o n o f adducts o n t o t h e cyano group o n l y w i t h DMH ( a s -t r a n s d i e n e ) .
Several o f these r e a c t i o n (e.g. 1-NN o r 2-NN + DMB) a r e n o t s u b s t a n t i a l l y i n f l u e n c e d by 
DlENE DIMERS
Besides naphthalene-diene adducts, diene dimers a r e o b t a i n e d i n these experiments v i a p h o t o s e n s i t i z a t i o n by t h e aromatics. The p r o d u c t d i s t r i b u t i o n depends on t h e n i t r i l e used and on t h e s o l v e n t p o l a r i t y .
As an example, w i t h CH f o u r dimers a r e obtained, v i z . 4+2 endo and exo as w e l l as 2+2 endo and exo d e r i v a t i v e s ( F i g . 6 ) . 
Solvent p o l a r i t y and diene c o n c e n t r a t i o n have a d i f f e r e n t e f f e c t i n t h e v a r i o u s cases.
CONCLUSION
The degree o f charga t r a n s f e r i n t h e i n t e r a c t i o n between p h o t o e x c i t e d n a p h t h a l e n e n i t r i l e s and dienes determines t h e course o f t h e photochemical r e a c t i o n .
